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SECTION 1,0 


FAN AERODYNAMIC DESIGN 


1.1 SWMARY 


An under-the-wing (UTW) and an over-the-wlng (OTW) fan rotor will be 
built and tested as part of the NASA QCSEE Program. The UTW fan Is a geared 
variable- pitch design with 18 composite fan blades. This concept, which In- 
cludes full reverse thrust capability, Is expected to offer significant advan- 
tages to a hlgh-bypass fan system Including: 

a Lighter weight through the use of composite fan blades and 
by eliminating the heavy, large diameter thrust reverser 

a Faster thrust response 

a Improved off-deslgn SFC 

a Reduced off-deslgn noise generation 

At the major operating conditions of takeoff and maximum cruise, a 
corrected flow of 405. 5 kg/sec (894 Ibm/sec) was selected for both fans which 
enables common Inlet hardware to yield the desired 0.79 average throat Mach 
ntimber at the critical takeoff noise measurement condition. The aerodynamic 
design bypass pressure ratio Is 1.34 for the UTW and 1.36 for the OTW which Is 
Intermediate between the takeoff and maximum cruise power settings. The 
takeoff pressure ratios are 1.27 for the UTW and 1.34 for the OTW. The take- 
off corrected tip speeds are 289 m/sec (950 ft/sec) for the UTW and 354 m/sec 
(1162 ft/sec) for the OTW. These pressure ratios and speeds were selected on 
the basis of minimum noise within the constraints of adequate stall margin and 
core engine supercharging. 

The UTW fan was designed to permit rotation of the blades Into the reverse 
thrust mode of operation through both flat pitch (like a propeller) and the 
stall pitch directions. The flowpath has been contoured to maintain tight 
blade tip and hub clearances throughout the blade actuation range. 

The vane-frame, which Is comron to both engines, performs the dual 
function of an outlet guide vane for the bypass flow and a frame support for 
the engine components and nacelle. The UTW Island configuration was selected 
specifically for the reverse thrust mode of operation. 

Design practices and rotor material selections will be consistent with 
flight-designed fan rotors for both the UTW and the OTW. This includes con- 
sideration for fan LCF life and for such FAA flight requirements as burst 
speed margin and bird strike capability. All rotor components for the UTW 
fan rotor will be of a flight weight design. 


1.2 UTW FAH AERODYNAMIC DESIGN 



1.2.1 Optftlng Raquireaents 

Th« major optratlng raqulrenents for the under-the-wlng (UTV) fan (Figure 
1) are takeoff, where noise and thrust are of primary importance, and 
maximum cruise, where economy and thrust are of primary importance. At take- 
off a low fan pressure ratio of 1.27 was selected to minimize the velocity of 
the bypass stream at nozzle exit. A corrected flow of 405.5 kg/sec (694 Ibm/ 
sec) at this pressure ratio yields the required engine thrust. The inlet throat 
is sized at this condition for an average Mach number of 0.79 to minimize the 
forward propagation of fan noise. Ihis sizing of the inlet throat prohibits 
hi^er corrected flow at altitude cruise. The required maximum cruise thrust 
is obtained by raising the fan pressure ratio to 1.39. The aerodynamic design 
point was selected at an intermediate condition which is a pressure ratio of 
1.34 and a corrected flow of 408 kg/sec (900 lb /sec). Table I summarizes the 
key parameters for these three conditions. 


Table 1. QCSEE UTW Variable-Pitch Fan. 

Parameter 

Design Point 

Takeoff 

Maximum Cruise 

Total fan flow 

408 kg/sec 
(900 lb /sec) 

405.5 kg/sec 
(894 lb /sec) 

405.5 kg/sec 
(894 Ib/sec) 

Pressure ratio - bypass flow 

1.34 

1.27 

1.39 

Pressure ratio - core flow 

1.23 

1.20 

1.21 

Bypass ratio 

11.3 

11.8 

11.4 

Pitch setting 

Nominal 

Open 2* 

Closed 2* 

Corrected tip speed 

1 

306 m/sec 
(1005 ft/sec) 

289 m/sec 
(950 ft/sec) 

324 m/sec 
(1063 ft/sec) 


1.2.2. Basic Design Features 

A cross section of the selected UTW fan configuration is shown in Figure 
2. There are 18 variable-pitch composite rotor blades. The solidity of 
the blades is 0.95 at the OD and 0.98 at the ID. The chord is linear with 
radius. This permits rotation of the blades into the reverse thrust mode of 
operation through both the flat pitch and the stall pitch directions. The 
spherical casing radius over the rotor tip provides good blade tip clearances 
throughout the range of blade pitch angle settings. Circumferential grooved 
casing treatment is incorporated over the rotor tip to Improve stall margin. 
Stall margins are significant because a minimum fan tip speed was selected to 
minimize noise generation. The circumferential grooved casing treatment type 
was selected since this type of treatment improves stall margin and has shown 
negligible adverse impact on overall fan efficiency. An additional benefit of 
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Cross Section of UTW Variable Pitch Pan 







Ch« eating treatnent it to reduce the material bulk over the blade tip, for 
a given claaranet, vhich will reduce the eeverlty of an inadvertent blade rub 
at might be encountered during a bird tttike. 

The vane-frame is petitioned at an axial dittance dovmatream of the rotor 
trailing edge equal to 1.5 true rotor tip chorda. The vanes are nonaxityianecric 
in that five vane geometries, each with a different camber and stagger, are 
employed around the annulus. This nonaxitymmetric geometry is required to 
conform the vane-frnme downstreui flow field to the geometry of the pylon, which 
protrudes forward into the vane-frame, and simultaneously maintain a condition 
of minimum circumferential static pressure distortion upstream of the vane- 
frame. There are 33 vanes in the vane-frame vhich yields a vane-blade ratio 
of 1.83. Immediately following the rotor, in the hub region, is an annular 
ring or island* The 96 OGV’s for the fan hub, or core portion flow, are In 
the annular space between the under side of the island and the hub. A full 
circumference axial gap separates the island trailing edge from the splitter 
leading edge. The splitter divides the flow into the bypass portion and core 
portion. There are six struts in the gooseneck which guide the fan hub flow 
into the core cotapressor. 

The island configuration was selected specifically to permit the attainment 
of a high hub supercharging pressure ratio for forward pitch operation without 
causing a large core flow Induction pressure drop during reverse pitch opera- 
tion, see Section 5.2.3. In the forward mode of operation, a vortex sheet 
is shed from the trailing edge of the Island In the form of a swirl angle dls- 
contiuuicy since most of the swirl in the flow under the Island is removed by 
the OCV. The total pressure on top of the island differs from that under the 
island only by the losses in the core OGV, hence the Mach numbers of the two 
streau are nearly the same. The General Electric CF6-6 fan incorporates a 
similar island configuration, except that the bypass OGV’s are on top of the 
Island and there is no swirl in the bypass flow at the island trailing edge. 

A vortex sheet is shed from the trailing edge of this island configuration 
also. This vortex ?heet is in the form of a velocity magnitude disconti- 
nuity. The swirl angle is zero both <m top of and under the island but the 
total pressures differ by the work input in the tip region of the 1/4 stage. 
Niawrcelly, the strength of the QCSEE UTW island shed vortex is approximately 
the ssaie as the strength of the CF6*6 Island shed vortex. The orientation of 
the vortex vectors are rotated approximately 70* however. 

1.2.3 Reverse Flow 

A major feature of the UTW fan is its ability to change the direction of 
fan thrust by reversing the direction of flow through the fan. This flow 
reversal affects the pressure level into the core engine (and, hence, the core 
engine's ability to produce power) in two ways. First, there is the direct 
loss of the fan hub supercharging pre^rure; and second, there is the loss 
associated with Inducting the flow into the core engine such as the recoveries 
of the exlet, vane frame, turn around the splitter leading edge, core (Xiv's, 
and gooseneck struts. The first loss Is obviously related to the magnitude of 
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Ch« dttlgn (forward mod*) fan hub pressure ratio, but the second loss is also 
related to this magnitude. This is so because, when operating In the reverse 
thrust mode, camber on the core portion OCV’s is in the wrong direction and 
high hub supercharging In forward operation Increases the camber of both bypass 
and core OGV's. Concern over this matter because of relatively high huh 
pressure ratio of the UTV fan was the primary reason fer selecting the island 
iVproach. The major advantage to this configuration is that flow can enter 
the cor* compressor through the axial gap between the island and splitter and 
thereby avoid the problem of adversely oriented camber on the core OGV's. The 
swirling flow must still, of course, pass through the axially oriented struts 
in ths core Inlet gooseneck. Relatively, this path for the flow is much less 
restrictive. A second benefit is that the bluntness of the splitter leading 
edge, compared to the island leading edge (which would be the splitter leading 
edge if the axial gap were filled), is conducive to minimicing losses associated 
with reversing ths axial component of the core portion flow from its forward 
direction in the bypass duct to its aft direction in the core transition duct. 

Reverse fan thrust can be achieved by rotating the blades through the 
flat pitch (like a propeller) or the stall pitch directions. Rotation of the 
blades into the reverse thrust condition puts a constraint on selection of blade 
solidity. This depends primarily on the direction in which the blades are 
rotated and the blade twist. The constraint is on those blade sections which 
pass through a tangential orientation, e.g., the leading edge of each blade 
must be able to pass the trailing edge of the adjacent blade, or physical 
interference will result. Therefore, those sections must have a solidity less 
than unity. 

Figure i shows a tip and hub section of two adjacent blades in nominal, 
reverse through flat, and reverse through stall orientations. The 45* tip 
stagger for both reverse through flat and reverse through stall was selected 
based on experimental reverse thrust performance. For blade rotation through 
the flat pitch direction, the entire blade span is constrained to a solidity 
less than one. For rotation through the stall pitch direction, the outer 
portion of the blade is not constrained. However, because of the 40* twist 
in the blade, the chord of the hub region cannot be increased significantly 
without interference. The assumed orientation of the tip section would have 
to be in error on the order of 5* before significant hub region chord increase 
could be accomnodated. Even if a huh region chord Increase could be accommo- 
dated, a significant increase in supercharging potential is probably not 
available because the implied increase in blade twist would probably cause a 
physical interference. 

It was therefore concluded that a hub solidity less than unity a 
design requirement for reverse through stall pitch rather than a compromise 
to permit reverse through flat pitch. 


1.2.4 Performance Representation with Variable Pitch 

The variable pitch feature of the UTW fan adds a third Independent 
variable to the representation of fan performance in that, in addition to 
normal independent variables of speed and operating line, the blade pitch 
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Angle Settings. 
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angle is also required. It has been found, however, that experimental stage 
characteristics at different rotor pitch angle settings can be collapsed into 
a nearly universal characteristic applicable for all blade angle settings. 

The method used to collapse the characteristics was to deduce the rotor 
incidence and deviation angle from the test data and then calculate the 
performance of the stage at nominal blade angle with the rotor operating at 
this incidence and deviation angle and the test efficiency. A separate 
correlation of aerodynamic loading is used to identify a stall limit, as the 
collapsing technique breaks down due to the change in aerodynamic loading 
inherent in the transformation. Figure 4 shows the stage characteristics 
assumed for the UTW fan at 1002 corrected speed for a range of pitch angles. 

In the reverse flow mode of operation a similar, but simplified, form of the 
universal characteristic approach is used to represent fan performance. The 
same collapsing technique is Incorporated to include the effect of blade angle 
setting. 


1.2.5 Detailed Configuration Design 

The corrected tip speed at the aerodynamic design point was selected at 
306 m/sec (1005 ft/sec). This selection is a compromise for design purposes 
between 289 m/sec (950 ft/sec) at takeoff and the 324 m/sec (1063 ft/sec) at 
maximum cruise. The objective design point adiabatic efficiency is 882 for 
the bypass portion and 782 for the core portion. A stall margin of 162 is 
projected at takeoff. This stall margin is provided at minimum tip speed by 
incorporating circumferential grooved casing treatment over the rotor tip. 
Minimum tip speed is Important because of the favorable intact of low tip 
speed on fan generated noise, fan efficiency in the transonic region, and the 
mechanical design of the variable pitch system. An inlet radius ratio of 
0.44 balances the desire to minimize fan diameter within the physical con- 
straints of the variable-pitch mechanism and gear box and good f«m hub super- 
charging 2 for the core engine. A fan inlet flow per annulus area of 199 
kg/sec-m (40.8 Ib/sec-ft^) at the design point results in a tip diameter of 
1.803 m (71.0 in.). 

The standard General Electric axlsymmetrlc flow coniputatlon procedure was 
employed in calculating the velocity diagrams. Several calculation stations 
were included internal to the rotor blade to Improve the overall accuracy of 
the solution in this region. The physical Island geometry is represented in 
the calculations. Forward of the island and in the axial space between the 
island and the splitter, calculation stations span the radial distance from 
OD to ID. Within the axial space of the Island, calculation stations spin 
the radial distance between the OD and the topside of the Island and between 
the underside of the Island and the hub contour. In the bypass and core inlet 
ducts, calculation stations are also Included. At each calculation station 
effective area coefficients consistent with established design practice were 
assumed. 

A special constraint Is necessary in the aerodynamic design of the island 
geometry in that a smooth flow or Kutta condition must be satisfied at the 
trailing edge of the island. The technique employed in this design was to 
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specify a calculation station at the axial location of the island trailing 
edge which spanned the total flowpath height from OD to ID. Using this 
technique I a continuous radial distribution of static pressure results which 
was assumed to be consistent with matching the Kutta condition. The radial 
location of the island stream function at this calculation station was 
determined and the upstream geometry of the Island was then adjusted to pro- 
vide a smooth continuous contour blending into this point. Iteration was 
obviously necessary because of the interaction of the assumed geometry with 
the calculated radial location of the island stream function. Convergence was 
found to be quite rapid. An artificial radial displacement was Incorporated 
between the island upper surface streamline and the island lower surface stream- 
line in order to avoid problems in calculating the streamline curvatures. This 
displacement was assumed equal to the island thickness at the trailing edge and 
was smoothly blended to zero at an axial distance of approximately 10 edge 
thicknesses downstream. 

The design radial distribution of rotor total pressure ratio is shown in 
Figure 5. This distribution is consistent with a stage average pressure 
ratio of 1.3A in the bypass region. Despite the lower than average pressure 
ratio in the hub region, it has been maximized to the extent possible subject 
to the constraint of acceptable rotor diffusion factors so as to provide 
maxlmxim core engine supercharging. A stage average pressure ratio of 1.23 
results at the core OGV exit. The radial distribution of rotor efficiency 
assumed for the design is shown in Figure 6. The assumption of efflency, 
rather than total pressure loss coefficient, is a General Electric design 
practice for rotors of this type. This distribution was based on the measured 
results from similar configurations with adjustments to account for recognized 
differences. The radial distribution of rotor diffusion factor which results 
from these assumptions is shown in Figure 7. The moderately high diffusion 
factor in the tip region of the blade, where stall generally initiates, confirm 
the need for casing treatment to obtain adequate margin. The radial distri- 
butions of rotor relative Mach number and air angle are shown in Figures 8 
and 9, respectively. 

The assumed radial distribution of total-pressure-loss coefficient for 
the core porulon OGV is shown in Figure 10. The relatively high level, ('V/0.2) 
particularly in the ID region, is in recognition of the very high bypass 
ratio of the UTW engine and accordingly the small size of the core OGV compared 
to the rotor. The annulus height of the core OGV is approximately one-half 
of the rotor staggered spacing, a significant dimension when analyzing secondary 
flow phenomena. It is anticipated that the core OGV will be influenced by the 
rotor secondary flow over the entire annulus height. The diffusion factor, 

Mach number and air angle radial distributions which result from the design 
assumptions are also shown in Figure 10. An average swirl of 0.104 radian (6®) 
is retained in the fluid at exit from the core OGV. This was done to lower 
its aerodynamic loading and the magnitude of the vortex sheet shed from the 
island. The transition duct (core inlet) struts (6) are cambered to accept this 
swirl and remove it prior to entrance into the core engine. 

A tabulation of significant blade element parameters for the UTW design 
is presented in Table II* 
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Figure 5, UTW Fan, Radial Distribution of Rotor Total Pressure Ratio. 
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Fipurr 6. VTV Fan, Radial Distribution of Rotor 
Efficiency. 
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Figure 8, UTW Fan, Radial Distribution of Rotor Relative Mach Number 
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Figure 10. UTW Fan, Radial Distribution of Design Parameters 







Table II. Design Blade Element Parameters for QCSEE UTW Fan 
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Table II. Design Blade Element Parameters for QCSEE UTW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE UIW Fan (Continued) 
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Table II. Hesign Blade Element Parameters for QCSEE UTW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE UTW Fan (Continued) 
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Table II. Design Blade Element Parameters for QCSEE UW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE UTO Fan (Continued) 
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Table II. Design Blade Element Parameters for QCSEE UTO Fan 
(Continued) . 


HEADING 


nohencuature for tabulation 


identification 


English 

UNITS 


QlHlRkl 



St 

streamline number 

• 

f»Sl 

stream Function 

m 

RADIUS 

streamline radius 

IN. 

% IHM 

PERCENT immersion FROM OUTER NALL 

X 

1 

AXIAL DIMENSION 

iNf 

BIKAGL 

annulus blockage factor 

m 

FtON 

height FLOh 

LBM/Stc 

angles and HACh numbers 


FHI 

meridional FLOH angle 

DtG, 

alpha 

absolute FLOH ancle iARCTAN (CU/CZ) 

OEG. 

Beta 

relative FLOH ANGtE «ARCTAn (-HU/CZ) 

OtG. 

H«ABS 

ABSOLUTE MACH NUMBER 

m 

M-REL 

RELATIVE MAtH number 

- 

velocities 


c 

ABSOLUTE velocity 

FT /SEC 

N 

relative velocity 

FT/SEC 

Cl 

AXIAL velocity 

FT/SEC 

u 

BLADE speed 

FI/SEC 

cu 

tangential component of c 

FT/SEC 

NU 

tangential component OE H 

FT /SEC 

fluid properties 


RT 

absolute total pressure 

LBF/SU, 

TT 

absolute total temperature 

oec-r 

TT-Kfct 

relative TOTAc temperature 

DEG-R 

RS 

static pressure 

lbf/so. 

TS 

static temperature 

DEC>R 

RHO 

static density 

IBM/CU, 


cumulative adiabatic efficiency 

m 


referenced to PTIf TII 


PU 

inlet absolute total pressure 

LBF/3U, 

TTI 

INLET ABSOLUTE TOTAL TEMPERATURE 

OEG-H 

AERUDYNAHIC BLADING PARAMETERS 


TFLC 

TOTAL pressure LOSS COEFFICIENT 

m 

P«-RO^ 

TOTAL PRESSURE RATIO ACROSS BLADE RUM 

m 

OhL-T 

TOTAL TEMPEKATUfit RISE ACROSS ROTOR 

DLG-R 

0 

DIFFUSION Factor 

• 

OP/Q 

static PRESSURE RISF COEFFICIENT 

m 

Cl/Cl 

AXIAL VFLOtlTv RATIO ACROSS BLADE ROM 

- 

SULOTY 

solidity 

• 

R-AVG 

AVERAGE streamline RADIUS ACROSS BLADE ROn 
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Table II • Design Blade Element Parameters for QCSEE UTV Fan (Continued) 
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Table II. Design Blade Element Parameters for QCSEE UTW Fan (Continued) 
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Table II. Design Blade Element Parameters for QCSEE UTW Fan (Continued) 
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Table II. Design Blade Element Parameters for QCSEE UW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE UTW Fan (Continued) 
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Table II. Design Blade Element Parameters for QCSEE UTW Fan (Concluded) 
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1.2,6 Rotor Bladt Design 


Detailed layout procedures employed in design of the fan blade generally 
parallels established design procedures. In the tip region of the blade. 

Where the Inlet relative flow Is supersonic, the uncovered portion of the 
suction surface was set to ensure that the maximum flow passing capacity Is 
consistent with the design flow requirement. Incidence angles In the tip 
region were selected according to transonic blade design practice which has 
yielded good overall performance for previous designs. In the hub region, 
where Inlet flow Is subsonic, Incidence angles were selected from NASA cascade 
data correlations. 

The blade trailing edge angle was established by the deviation angle whlc.. 
was obtained from Carter's Rule applied to the camber of an equivalent two- 
dimensional cascade with an additive empirical adjustment, X. This adjustment 
la derived from aerodynamic design and performance synthesis for this general 
type of rotor. The incidence and deviation angles and empirical adjustment 
angle employed in the design are shown In Figure 11. 

Over the entire blade span, the minimum passage area, or throat, must be 
sufficient to pass the design flow Including allowances for boundary layer, 
losses, and flow nonuniformities. In the transonic and supersonic region, the 
smallest throat area, consistent tflth permitting design flow to pass. Is 
desirable since this minimizes overexpansions on the suction surface. A further 
consideration was to minimize disturbances to the flow along the forward portion 
of the suction surface to minimize forward propagating waves that might provide 
an additional noise source. Design experience guided the degree to which each 
of these desires was applied to individual section layouts. The percent throat 
margin, percentage by which the ratio of the effective throat area to the 
capture area exceeds the critical area ratio. Is shown In Figure 12. The 
values employed are generally consistent with past experience. The blade 
shapes that result are generally similar to multiple circular arc sections In 
the tip region, with a small percentage of the overall camber occurring In the 
forward portion. In the hub region, the blade shapes are similar to double 
circular arc sections. 

Figure 13 shows plane sections of the blade at several radial locations. 
Table III Is a tabulation of the fan rotor blade coordinates (in Inches) for the 
sections shown In this figure. The coordinate center Is at the stacking axis. 
Figure 14 shows the resulting camber and stagger angle radial distributions. 

The radial thickness distributions employed, which were dictated primarily by 
aeromechanlcal considerations, are shown in Figure 15. The 0.13 thlckness-to- 
chord ratio at the hub Is larger than conventional practice because of the 
composite blade requirements and a small performance penalty will result 
The additional profile loss created by this thickness, however, is believed 
smaller than the system penalties associated with altering the co.jf Iguratlon 
(such as reduction in the tip chord or a reduction In blade number) to reduce 
the hub thickness-to-chord ratio to ^.10, a value more representative of past 
experience. 
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Rotor Incidence, Deviation, and X-Factf)r, de^;^ees 


Figure 11. UTW Fan - Rotor Incidence, Deviatit)n, ami Kmpirical Ad.tuslmcnl 
Anp:les . 
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Figure 13, UTW Fan Rotor BlaiU* Plane Sect ions. 
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Table III. 


SECTION 

Convex 


X ( Axial) 

-3,57068 
-3,50047 
-3,50149 
57322 
-3,55 '68 

-»3-,-5';a' 7 

-3,4b^/2 
-3,431 73 
-3,201<;7 

“-3,10837 

-2,93466 
“-2,76085 — 
-2,58691 

'-2vat283 

'-2,23061 ~ 

-2,02933 
■^ 1,01981 ' 

-1,61005 
■-T, 40004““ “ 
-1,10976 
“-0,97919 
-0,76630 
•0, 55706 
»'0, 34544 
-0,13341 
0,07905 
0,29200“ 
0,50541 
“0.71939 
0.93446 
1,15110 
1,36959 
'1,58962 
1,01122 

“2,03423 

2,25047 
■2,40369" “ 

2,70963 
“2,93604 
3,16264 
“3,35143“ 
3,50232 
“3,53436 
3,57105 


ORIGINAL PA(JK IS 
OF POOR ODA.U'IT 


UTO Fan Rotor Blade Coordinates, 
1 RADIUS 85.8 cm (33.8 in.) 


Concave 


Y 

X (Axial) 

Y 

4,59391 

-3,57000 

-4,59591 

4.57043 ' 

-3,55304“ 

-4,59755 

4,55132 

-3,52725 

•4,50914 

4,51309 

-3,49418 

-4,56819 

4,46442 

-3,45477 

-4,53407 

4,40594 

-3,40905 

'-■4V48620 

4,33/91 

-3,35965 

-4,42440 

4,25976 

-3,30327 

-4,34931 

4,03996 

-3,14552 

•4,13796 

3,70079 

199 

-3709540^ 

3.54110 

-2,77855 

-3,65661 

3,29697 “ 

•2,59523 

«3V421I0 

3,05594 

-2,41203 

-3,10070 

2,81768 “ 

-2,22697 

"-2,95911 

2.56255 

-2“, 04606 

•2,T3207 

2,30343 

-1,62670 

-2,46255 
■ •2,19574 

2,02749 

-1,60773 

1.75422 

-1,38893 

-1,93102 

1,48309 “ “ 

-1,17030" 

•1,66776 

1,21357 

-0.95209 

-1,40535 

0,94512 

-0, 73410 

■ •i,T4321 

0,67730 

-0,51643 

-0,80090 

0,40974 

-0, 29910 

'-0, 61801 

0,14216 

•0,00216 

-0,35428 

0,12566 “ 

0,13430 “ 

-0,00940 

0,39390 

0,35040 

0,17649 

0,66250 ' 

0.S6610' 

0,44367 

0,93165 

0,70125 

0,71187 

1.20090 “ 

0,99503 

' “0,98060 

1,46953 

1,20933 

1,25060 

1.73661 

1,421 17 

1,52000 

2.00127 

1.63132 

1,79057 

2,26250 

1,63905 

“ Z,0587r 

2.51919 

2,04602 

2,32380 

2,76950 

2,25237 

"2,58435“ 

3,01244 

2,45670 

2,63912 

3,24657 

2,66004 

3706697 

3,47109 

2,06266 

3,32710 

3,60531 

3,06482 

'3,55877 

3.80877 

3,26679 

3,78150 

1,04908 

3,43513 

“3,^5992 

4,17513 

3,56990 

4,09777 

4,10426 “ 

3,50462 “ 

“ 47n010“ 

4,16733 

3.57J05 

4,16733 
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Table III. UTW Fan Rotor Blade Coordinates (Continued). 


SECTION 

2 RADIUS 

76.2 cm (30. 

0 in. ) 

Convex 



Concave 

X (Axial) 

Y 

X (Axial) 

Y 

«3,S3096 

•3,78711 

•3.53096 

•5,78711 

“^,55951 

•1,772T9 

•3,51429 

•3779124 

••}, 53964 

•3,74671 

•1,48973 

•3,70440 


^3,71117 

' - ii.asrar" 


«3,51in 

•3,66625 

•3,41950 

•3,735.90 

“"3,481W' 

«3 “61 259 “ “ 

- •3,37S2“r“ 

iT767T15~ 

•S. 44093 

•3,55049 

•3.32533 

•3,63779 

•3»38936' 

■•5,47944" 

“ •I, 26875“ 

•l.'STOST 

•3,23595 

•3,27533 

-3,10711 

•3,17975 

“*3706179 

•3^05086 

•2,97182 

“ii3,T68ir 

•2,88750 

•2,83311 

•2,73667 

•2,96328 

“•2,71316 

"•2,62119- 

" •2,55163 “ 

- *2776^16“ 

•2,53857 

•2,41421 

•2,36672 

•2,56974 

•2,36391 

•2,27141 

“”•.5,10198 

•?T37919“ 

•2,'l89ll 

•2,01213 

il,99711 

•2,19170 

•1,97915 

-1,77680 

-1,77595 

•1,96964 

•1,76892 

'•1,54478 

•1,55484 

•1775039" 

•1,55840 

•1,31538 

-1,33404 

•1,53261 

•ir34752 

•1,08803 

•1,11 360 

.x.Tissr 

•1,13622 

•0,86234 

•0,89350 

•1,09966 

"S0,924«5 

•O,'63802 

-0,67403“ 

-8,08369^ 

•0,71217 

•0.41484 

•0,45498 

-0,66769 

•6,^9933 

•0,19267 

•0 ,23650 

i0798r08" 

•0,26586 

0,02855 

•0,01862 

•0,23502 

“•0,07178 

“ 0,24083 " 

0,19060“ 

• 0 , 0 1830 

0,14300 

0,46807 

0,41515 

0,19655 

0,35854 

0,68608 

0,63093 

8,TO11“ 

0,57513 

0,90231 

0.64567 

0,63193 

“"Cr,79303 

1,11612 

1, 05907“ 

0,84814“ 

1,01230 

1,32693 

1,27115 

1.06331 

1,23284 

1,53411 

1,48193 ■ 

17'27675 

1,45459 

1,73698 

1,69151 

1,48777 

1,67745^ 

1,93467 

1 ,89997 

^ 1;6T9568" 

1,90130 

2,12710 

2,10745 

1,89976 

~?7 12599 

“2.31301 

2,3i4o8“ 

“ 2.09936" 

2,35136 

2,49202 

2,52003 

2,29380 

2,57722 

2,66361 

■ 2,72549“ 

“27482T6r 

2,80339 

2,82735 

2,93065 

2,66553 

■ 3,02963 

“2,98287 " 

3,13571 

"2,ir4iTr 

3,25581 

1,12995 

3,34088 

3,01103 

3,44407 

3,24594 

3,51206 

3,14659“ 

3,59086 

1,53233 

.3,64590 

3,24864 

“1,62375 

3,33641 

3,66485 

“ T, 2782r 

3,65778 

3,31641 

3,65778 

3,31641 




Table III. UTW 

Fan Rotor Blade Coordinates 

(Continued) 

SECTION 

3 RADIUS 

66.9 cm (26.3 

in. ) 

Convex 


Concave 

X (Axial) 

Y 

X (Axial) 

Y 


-3,03130 

-3,00902 

•3,03130 

-T,«56J1 

-3,01728 

" -i;o339r — 

'"-T;oT62r 

•3.4!}564 

-2,99033 

•3,01100 

•3,03192 

•3,««I552 

-2,96289 

~-3,3^70 

‘'•T.9T797 

-3,a2827 

•2,92350 

•3,30504 

•2.99392 

•3, « 0027 — 

-2,87680 

•3;t0309^ 

~-2795936“ 

-3.36226 

-2,82288 

-3,25068 

•2.91428 

•3,31082 

-2',76130' 

•3,19900 

~iTr,^595r 

•3.1S980 

-2,56706 

•3,02637 

•2.66941 

-2,99205 

-2,3601! 

■■-I7B5784 

~-T1^51Te5- 

•2,82063 

- - ^ ^ Z.’tt 

-2,16755 

-2,60974 

•2.33963 

•2,6Ti638 

-1,97693 

i2 -05287 

1 7435 

-2,08767 

-1.79173 

-2,27486 

•2,01402 

■“-2i31‘8fl8 

-1,61151 

“-2. 888 14 

^1^859 14 

-2,10878 

-1, 03580 

•1,90191 

-1,70781 

-1,90007 

•1,23052 

-1,67912 

•1,53056 

-1,73937 

-1,03o59~ 

"-i,a5ri^ 

•r.ssriF 

-1,53300 

-0,83559 

•1,23598 

•1,18674 

-1,32651 

-0,60513 ■ 

•l,6i577~ 

-17bi¥75 

-1,11859 

•0,05896 

-0,79658 

-0.85271 

-0,90958 

-0,27691“ 

•0 ,S78S0 

^V6WB2T 

-0,69938 

•0,09890 

•0,36159 

•0,52522 

-0,08796 

0,07507 

“-0,10596 “ 

•6736339' 

-0,27532 

0,20098 

0^06856 

•0,20265 

-0,06100 

6,01063 

■ 0,28178 

-0,00291 

0,15371 

0,57250 

0,49373 

0,11595 

0,37020 

0,73003 

' 6 , '7 6 4 31 

~6,~2n96“ 

0.58823 

0,88309 

0.91342 

0.93096 

0,80777 

1,63102 

1,12698 

' 0,58671 

1,02880 

1,17067 

1.32702 

0,70066 

1,25131 

1,31237 

~ i;S3i66 ' 

~6; 89227 

1 ,07503 

1,00002 

1,73504 

1.04101 

1,69980 

1,56905 

“1 ,9373y — 

“I7I86TS“ 

1,92553 

1,68698 

2,13875 

1.32781 

2,i5181 

1 ,79732 

2 ,33957 

1,4^492 

2,37838 

1,89976 

2,54010 

1,59735 

2,60092 

1,99012 

2, '70067 

1,72480 

2,83111 

2,08007 

2,90158 

1,84731 

3,05681 

2,15900“ 

3,10299 

1,96460 

3,28185 

2,22986 

3,30505 

2.07641 

5,06860 

2,28300 

3,51017 

2,16531 

3,61268 

2,32068 

3,60570 

2,23165 

“3,60305 

2,3 1803 

' 3^68867 

'"2.25485 

3,66937 

2,29101 

3,66937 

2.29101 


37 



Table III. UTW Fan Rotor Blade Coordinates (Continued). 


SECTION 

4 RADIUS 

57.2 cm (22 

.5 In.) 

Convex 



Concave 

X (Axial) 

Y 

X (Axial) 

Y 

•3,27656 

-2,27702 

^3.27656 

-2,27702 

•Ti2S12Z 

■•2,26279 

" -3,26201 " 

^^2;i8yo5 

•3.26186 

•2,24050 

-3,23980 

-2,28070 

•5,27207 

•2,2I05X 

■ -3,2 10 IT 

•2,26971 

•3,25332 

•2,17341 

-3,17355 

-2,24967 

"•^2SIT 

•2,T2958“ 

" -3,13021" 

=^2722029 

•3,18733 

•2,07922 

-3,06016 

•2,18164 



•2,12181" 

■" i3, "02260 " 

- _ V2 -n4«>" 

•3,00531 

-1,86253 

-2,66579 

•2,00785 

-•27^4^05 

■W1768435 


-r,86527 

•2,60081 

•1,51211 

-2,49829 

•1,72907 

W2;5S231 

•T7T4548" 

■ -2,31578 " 

S1V59B63" 

•2,37289 

-1, 18019 

•2,13420 

-1,47341 

•2.21249 

-1,02809' 

“-1,95361 

“ -r,"35385^ 

•2,0$092 

-0,87713 

-1,77416 

•1,23720 

•1,85563 

-0,70271 

-1,56025 

•1,10369 

•1,65^68 

•0,53560 

-i,348"61 

-0,97568 

•1,46005 

-0,37578 

-1,13/42 

•0;85266 

•r,2W75 

•0,22324 

-0.92852 ” 

-0,73420” 

•1,05776 

-0,07797 

-0.72130 

-0,61964 

•0,85414 

"0,06003 ■ 

-0.51571 

" -0,58917" 

•0,64895 

0,19075 

-0,31170 

•0,40162 

"S^,44225 

0,31420 

•0,10920 

--•6, "2^7 58" 

•0,23413 

0,43043 

0,09188 

-0,19578 

•0,02166 

0,53944 

0.29162 

-0",096Sa 

0,18612 

0,64122 

0,49005 

0,00047 

~r,358i4 

0.73569" “ 

■” ■ 0 ,‘6 6723“ 

8,""09543~ 

0,61134 

0.82282 

0.68324 

0,18836 

0,82557 

" 0,90254 ■ 

1,0 7 821 

0,27929 

1,04070 

0,97480 

1.27229 

0,36809 

1 ,25652 

f, 03950 " 

1,46567 

0,45467 

1,47281 

1,09659 

1.65858 

0,53892 

1768935 

1,14604 ■ 

1,85126 

8762076" 

1,90563 

1,16789 

2,04397 

0,69984 

"2712215 

1,22220 

2,23685 

0,T7609 

2,33616 

1.24891 

2.43003 

0,84904 

2,55368 

■1,26786 “ 

2,62373 

0,91817 

2,76842 

1,27675 

2.61820 

0,98277 

“2,9^190 

1,28127" 

3,01392 " 

1,04212 

3,19369 

1,27534 

3,21134 

1,09559 

“3,56866 

1,26400 " 

3,37737" 

i7T352r 

3,50345 

1,25130 

3,50742 

1,16266 

J,TH868 

'T, 24 0 08 " 

" 3,53283 ~ 

ri17756- 

3,54352 

1,20850 

3.54352 

1,20850 



ORIGINAL PAGE IS 
POOR QUALITY 


Tabic III* UTW Fan Rotor Blade Coordinates (Concluded). 


SECTION 5 RADIUS 44.7 cm (18.8 in.) 


Convex 



Concave 

X (Axial) 

Y 

X (Axial) 

Y 

-2,99111 

-1,53332 

-2,99111 

•1,53332 

t»2,^9*6T 

•r,5m7 

>2,97770" 

ni540I0" 

•2,9941b 

-1,49648 

-2,95672 

•1,53986 

■»2T9»3a^ 

nvoTjoi — 

>2,92017 — 

»nS3206^ 

•2.96398 

-1,43741 

-2,89242 

•1,51649 

•2,91S07“ 

-rrS90O9" ■ 


-TT4020r 

-2,89777 

•1,35321 

-2,79978 

-1,46149 

•T. 05128 

•r;iT622T 

•2,T«260' 

-1142290" 

-2.74618 

-1,19129 


-1,34350 

■*^2788488 

"-TT04T93 

>2 ,■45450“ 

•1123970 

•2,46249 

•0,91015 

•2,28934 

•1,14224 

•2.3I90T 

-0,77783 

•^,'12523 

-1, 05602" 

•2,17438 

-0,65064 

•1,96226 

-0,96435 

•2,02661 

•0,52907 

• 1 tbuoai 

••0#88293 

-i3^l6f“ 

-0,41240 

-1,63970 

-0,00592 

-1,70357 

•0,27903 

-1,44876 

-0,71097 

-1,52347 

-6,l5J62 

-1.2W5 ■ 

-0,637^" 

-1,34115 

-0,03456 

-1,07296 

-0,56170 

-1,15662" 

6,0T596 

-0,888TT 

-0,49114 

-0,97013 

0,17822 

-0,70574 

-0,42527 

•6,70186 

0.27267 

-6,52490 

-0,56372 

-0,59214 

0,35744 

-0^34551 

-0,30593 

-0,40109 

6,43T39 

~-6 , 16744 

•0,25 140 

-0,20652 

0,50299 

0,00911 

-0,19998 

•6,61449 

0,56305 

6.18419 

•6,15156 

0,18120 

0,61427 

0^35762 

-0,10623 

6,37627" 

0,66660 

0,52066 

-0,06403“ 

0,57603 

0,66809 

0,70102 

-0,02487 

0,773 W ' 

6,7iorr 

6,87210 

0,01120- 

0,97134 

0,72250 

1,04394 

0,04463 

1,16778 

- 0,7254'3 

i;2i662 

0,67529 

1.36313 

0,71937 

1.39038 

0,10335 

1,"5S7T7 

0,70473 " 

1 ,56546“ 

0712^676" 

1,74974 

0,68192 

1.74201 

0,15152 

1,^4660 

"0,65i40‘ 

1.92026“ 

0,iri48" 

2,12950 

0,61378 

2,10047 

0,18861 

2,31654 " 

0,56974 

2,28255 

■0,“26292- 

2.50190 

0,51979 

2,46631 

0,21426 

2,60565 

0,464TT 

■2765T6T“ 

6122233“ 

2,86707 

0,40358 

2,83857 

0,22666 

~3, 61856 

0,34896 ' 

2,99548 

0 , 22606 

3,13513 

0,30368 

3,10630 

0,22470 

“3‘,T5009 

0,?0T37 

"3 ,13030“ 

6122750“ 

3,16082 

0,25675 

3.16082 

0,25675 
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1.2.7 Core OGV Design 


A noderately low aspect ratio of 1.3 was selected for the core portion 
OGV to provide a rugged mechanical system. This selection was in recognition 
of the potentially severe aeromechanical environment (i.e., large rotor wakes) 
of the core OGV because of its small size in relationship to that of the rotor 
blade. A solidity at the ID of 1.65 was selected to yield reasonable levels 
of diffusion factor. Figure 10. The number of vanes which result is 96. 

Radial distribution of total pressure loss coefficient, diffusion factor, 

Mach number, and air angle are presented in Figure 10. 

The profiles for the core portion OGV are a modified NASA 65-serles 
thickness distribution on a circular-arc meanline. The incidence angle over 
the outer portion of the span was selected from a correlation of NASA low-speed 
cascade data. Locally, In the ID region, the incidence angle was reduced 
0.07 radian (4°). This local reduction In Incidence was in recognition of 
traverse data results on other high-bypass fan configurations which show core 
stator inlet air angles several degrees higher than the axisymmetrlc calculated 
values. The deviation angle was obtained from Carter's Rule as was described 
for the rotor blade, but no empirical adjustment was made. The resulting 
incidence and deviation angles and throat margin are shown in Figure 16. The 
throat area for the selected geometry was checked to ensure sufficient margin 
to pass the design flow. The minimum margin relative to the critical contrac- 
tion ratio was 6%, which is sufficient to avoid choke. Resulting parameters 
for the core OGV are presented in Figure 17. Figure 18 is a cylindrical 
section of the core OGV at the pitch line radius. A tabulation of the coor- 
dinates for this core OGV is given In Table IV. 


1.2.8 Transition Duct Strut Design 

The transition duct flowpath Is shown In Figure 19. The ratio of duct 
exit to duct Inlet flow area Is 1.02. There are six struts In the transition 
duct which are aerodynamlcally configured to remove the 0.105 radian (6° of 
swirl left in the air by the core OGV's and to house the structural spokes of 
the composite wheels (see Figure 2). In addition, at engine station 196.5 
(Figure 2), the 6 and 12 o'clock strut positions must house radial accessory 
drive shafts. The number of struts and axial position of the strut trailing 
edge were selected Identical with the FlOl engine to minimize unknowns in the 
operation of the core engine system. The axial positions and thickness re- 
quirements of the composite wheel spokes were dictated by mechanical consid- 
erations. The axial location of the strut leading edge at the OD was de- 
termined by its proximity to the splitter leading edge. At the OD flowpath, 
the strut leading edge is 17.8 mm (0.7 In.) forward of the wheel spoke. A 
relatively blunt strut leading edge results from the 26.7 mm (1.05 in.) wheel 
spoke thickness requirement. The wheel spoke is radial. The axial lean of 
the strut leading edge provides relief from the LE bluntness at lower radii 
and makes the LE approximately normal to the Incoming flow. Since the Inlet 
Mach number In the OD region Is less than 0.5 and since the boundary layer 
along the outer wall Initiates at the splitter LE, no significant aerodynamic 
penalty was assessed because of the bluntness. A NASA 65-serles thickness 
distribution was selected for the basic profile thickness which was modified 
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Table IV. OW Fan Core OOV Coordinates at the Pitch Line 
Radius. 


Convex 

X (Axial) Y 

io, 842769 “ 0.477539" 

•0i842l02 0.478089 

•0 1 841193 0.478426 

;;Oi84004l 0,478562 

-0,838648 0.478489 

;0, 837016 0,478207 

-0.839148 0,477713 

rO, 833043 0.477009 

-0,830706 0.476081 

-0,829930 o; 473879 

-0.816829 0.668976, 

-0,795126 0.4556Q9 

-0,752668 0.428386 

•0,710699 0,401338 

•0,668893 0.374802 

-0,585404 0,323926 

-0,901676 0.274929 

-0,417507 0.229049 

?0, 332770 0,185866 

-0,247368 0.149349 

-0.161246 0.107397 

-0,074357 0.07l9o9 

0.013395 0.038873 . 

0,102065 0,008204 

0,191787 -0,019999 

0,282669 -0.049471 

0,374803 -0,068200 

0,468270 -0.087992 

0,563146 -0,104640 

0,659491 -0.117933 

0,757358 -0il27951 

0,856774 -0,133069 

0,876843 -0,133602 

0,896972 -0,133921 

0.917161 -0.134016 

0,937408 -0,133872 

. 0,948266 -0.133695 

0,954694 -0,136013 

0,958048 -0,142994 


Concave 


X (Axial) 

V 

-0.842769" 


-ai843193 

8,426788 

-0.843371 

0.475831 

;0t8433Q3 

- 0.4746U 

•0.842988 

0.473308 

r0jB4r422. 

- 8,4il742„ 

-0.841604 

0.469990 

•O»e409ll._. 

-. 0.468041. 

•0.839199 

0.469902 

-0.836147 

0.461506 

-0.829918 _ 

- 8vU3912. 

•0.811971 

0.434780 

•0.775310_ . 

- . 0-.399261. 

-0.737517 

0,385474 

?0.69B908„ 

— JL.133649_ 

-0.619675 

0.271892 

-0.538221.. 

0.2l5i9l- 

-0.454815 

0.162726 

-0.369635 _ 

0044358- 

-0.262819 

0*070005 

-0.194455 

0.029664- 

-0.104611 

•0,008617 

-0.OU39S 

—■0038673- 

0.079131 

-0. 067022 

0.172840- . 

-6091196 _ 

0,267834 

-0.111499 

0.363446- . 

0.428602 

0.460225 

-0.140766 

0.557937 

-0,149878 

0.656574 

-0,155895 

0, 756149- _ 

- -0,152452- 

0.856712 

-0,196245 

-0.876951 

-0,159667- 

0.897236 

-0,194995 

0. 917569 

..-0014238. 

0.937951 

-0,153407 

0.948850.. 

-6V152936. 

0.955078 

-0.150279 

.6.958048 . 

•!0042994_ 
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for tht ■ptcial consideration* required in this design. The strut thickness 
is the sane for all radii aft of the forward wheel spoke LE (Figure 19) to 
facilitate fabrication. A cylindrical cut cross section showing the nominal 
strut gconetry at three radii is shown in Figure 20. The thickness dlstrl** 
bution for the 6 and 12 o'clock struts was further modified for the envelope 
of the radial drive shaft. Cylindrical cut cross sections of these struts are 
also shown in Figure 20. The leading edge 40X chord of these further modi- 
fied sections is identical to that of the nominal strut geometry, and aft of 
forward wheel spoke LE, the strut thickness is the same for all radii. The 
core engine has demonstrated operation in the presence of a similar thick 
strut in the FlOl implication without duress. 


1.2.9 Vane-Frame (Fan Bypass OCV) Desigt. 

The vane-frame performs the dual function of an outlet guide vane for the 
bypass flow md a frame support for the engine components and nacelle. It is 
a common piece of hardware for both the UTVT and OTW engine fans. It is inte- 
grated with the pylon which houses the radial drive shaft at engine station 
196.5 (see Figure 2), houses the engine mount at approximately engine station 
210, provides an interface between the propulsion system with the aircraft 
system, and houses the forward thrust links. The vane-frame furthermore acts 
as an inlet guide vane for the UTU fan idten in the reverse mode of operation. 

A conventional OGV system turns the incoming flow to axial. The housing 
requirements of the pylon dictate a geometry which requires the OGV's to 
widertum approximately 0.17A radian (10*) ou one side and to overturn approx- 
imately 0.174 radian (10*) on the other side. The vanes must be tailored to 
downstream vector diagrams which conform to the natural flow field around the 
pylon to avoid creating velocity distortions in the upstream flow. Ideally, 
each van* would be individually tailored. However, to avoid excessive costs, 
five vane geometry groups were selected as adequate. 

The Mach nwnber and air angle at inlet to the vane-frame (fan bypass OGV) 
are shown in Figure 21 for both the UTW and OTW fans. In the outer portion of 
the bypass duct annulus, Che larger air angle in the UTW environment results in 
a less negative incidence angle for it than for the OTW environment. The Mach 
number in the outer portion of the annulus is also higher in the UTW environ- 
isent. When selecting incidence angles, a higher Mach number environment 
naturally leads to the desire to select a less negative incidence angle. The 
amount by which the incide ^ce angle would naturally be Increased due to the 
higher Mach number UTW environment is approximately equal to the increase in 
the inlet air angle of the UTW environment. In the inner portion of the 
annulus, the inlet Mach number and air angle are higher for the OTW environ- 
ment. The natural increase in incidence angle desired because of the higher 
N^ch number is approximately the same as the increase In the inlet air angle. 

As a result of these considerations, no significant aerodynamic performance 
penalty is assessed to using common hardware for both the UTW and OTW fans. 
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Figure 21. Vane-Frame (Fan Bypass OGV) Aerodynamic Environme 










Locally, near the bypass duct ID, there is a discontinuity in the aero- 
dynamic environment of the UTW configuration. This discontinuity represents 
that portion of the flow which passes under the island but bypasses the 
splitter. The calculation ignored mixing across the vortex sheet. In the 
design of the vane geometry no special considerations were incorporated because 
of this discontinuity since it is believed that in a real fluid the mixing 
process will greatly diminish the vortex strength. 

The vane chord at the OD was selected largely by the mechanical require- 
ment of axial spacing between the composite frame spokes. At the ID, the vane 
leading edge was lengthened primarily to obtain an aerodynamical ly reasonable 
leading edge fairing on the pylon compatible with the envelope requirements of 
the radial drive shaft. The ID region is significantly more restrictive in 
this regard because of choking considerations, particularly for the OTW environ- 
ment, with the reduced circumferential spacing between vanes. The solidity 
resulting from 33 vanes, an acoustic requirement, was acceptable from an aero- 
dynamic loading viewpoint as shown in Figure 22. The two diffusion factor 
curves are a result of the two aerod 3 mamlc environments, UTW and OTW, to which 
the common vane frame geometry is exposed. The thickness is a modified NASA 
65-8erles distribution. Maximum-thickness- and traillng-edge-thickness-to- 
chord ratios of 0.08 and 0.02, respectively, were selected at the OD. The 
same maximum thickness and trailing edge thickness were used at all other 
radii which results in maximum-thickness- and trailing-edge-thickness-to-chord 
ratios of 0.064 and 0.016, respectively, at the ID. 

As a guide in the selection of the overall vector diagram requirements of 
the vane frame, a circumferential analysis of an approximate vane geometry, 
including the pylon, was performed. This analysis indicated, for uniform flow 
at vane inlet, that the vane discharge Mach number was approximately constant 
circumferentially and that the discharge air angle was nearly linear circum- 
ferentially between the pylon wall angles. Figure 23, an unwrapped cross 
section at the ID, shows the flowfield calculated by this analysis. The 
specific design criteria selected for the layout of the five-vane geometry 
groups was to change the average discharge vector diagram with zero swirl 
to vector diagrams with + 5® of swirl and + 10® of swirl. 

The meanline shapes for each of the five-vane groups vary. For the vane 
group which overturns the flow by +10® the meanline is approximately a circular 
arc. As a result of passage area distribution and choking consideratons, the 
meanline shape employed in the forward 25% chord region of this vane group was 
retained for the other four groups. 

The incidence angle for all vane groups was the same and was selected for 
the group with the highest camber. A correlation of NASA low-speed cascade 
data was the starting point for the incidence selection. Over the outer portion 
of the vane, where the inlet Mach number is lower, the incidence angles were 
slanted to the low side of the correlation. This was done in consideration of 
the reverse thrust mode of operation for the UTW fan. In this mode, the 0GV*s 
impart a swirl counter to the direction of rotor rotation. Additional vane 
leading edge camber tends to increase the counterswirl and therefore increase 
the pumping capacity of the fan in reverse. In the inner portion of the vane, 


Design Stream rune 



Figure 22 , 


Vane-Frame (Fan Bypass OGV) Nominal Vane 
Conf iguralion. 




Rotor TE 



Fleure 23. Vane-Frame (Fan Bypass OGV) Unwrapped Section at ID. 



the Incidence angles are higher than suggested by the correlation because of 
the higher Inlet Mach number. Also, In the reverse mode of operation, this 
reduction In vane leading edge camber In the ID region reduces the swirl for 
that portion of the fluid which enters the core engine and tends to reduce Its 
pressure drop. 

The deviation angle for each of the five vane groups was calculated from 
Carter's Rule as described for the rotor. The portion of the meanline aft of 
the 25Z chord point approximates a circular arc blending between the front 
circular arc and the required trailing edge angle. For the vane group which 
undertums the flow by 10° the aft portion of the blade has little camber. 
Figure 24 shows an unwrapped cross section at the ID of two of the 10° 
over-cambered vanes and two of the 10° under-cambered vanes adjacent to the 
pylon. Note that the spacing between the pylon and the first tmder-cambercd 
vane Is 50Z larger than average. This Increased spacing was required to open 
the passage Internal area, relative to the capture area, to retrieve the area 
blocked by the radial drive shaft envelope requirements. 

Table V gives the detailed coordinate data for the two vane geometries 
and the pylon leading edge geometry shown In Figure 24. The coordinate data 
for the nominal vane geometry at three radial locations are also given in this 
table. The vane coordinate data are In Inches. 

Radial distributions of camber and stagger for the nominal and two extreme 
vane geometries are shown In Figure 25. Radial distributions of chord and 
solidity for the nominal vane are shown In Figure 26. The design held the 
leading and trailing edge axial projection common for all five groups which 
results In slightly different chord lengths for the other four vane types. 
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Table V. Vane-Frame (Fan Bypass OGV) Coordinates. 


Vane Type: Closed 2 

Radius 53.0 cm (20.86 in.) 


Convex 


Concave 


X (Axial) 

Y 


2,34116 

•6,<|87S9 

2,32790 

-a,9065« 

2,30949 

•6,a787b 

2,28616 

-6(46396 

2,25623 

-6,44206 

2,22584 

-6,41331 

2,18867 

-6,29914 

2,05618 

-6.07U9 

1,63449 

-5,83097 

1,63835 

-5,58939 

- 1,45347 

-5,34632 

1,27982 

_-5tl00l6 

1,11977 

-4,85192 

0,97171 

-4,60258 

0,83339 

-•4 ♦30233 

0,67897 

•4,00106 

0,53619 

69886 

0,40428 

-3,39590 

0,28251 

_-3, 09242 

0,16986 

-2,78889 

0,06546 

.-2,48547 

-0,03115 

•2,18202 

•0,12056 

--1,87857 

-0,20389 

•1,57498 

•0,28229 

--1,27110 . 

•0,35637 

•0, 96707 

-0,42655 

•0,66307 

-0,49346 

-0,55916 

-0,55754 

•0,05521 

-0,61845 

0,24894 

-0,67585 

-0,55329 

-0,73002 

0,8577« 

-0,76128 

-.1,16223 

-0,82964 

1,46682 

-0,87488 

1,77161 

-0,91602 

2,07653 

-0,95211 

_2, 38133 

-0,98311 

2,68567 

•1,00936 

._2t_98924 . 

-1,03206 

3,24155 

•1,04887 

_3.,411U 

-1,05853 

3,46658 

-1,04155 

3,50000 

-0,98095 


X (Axial) 

Y 

6,46210 

2,34116 

6.47014 

2,34917 

6,45101 

2,35181 

6,42730 

2,34686 

6,39677 

2,34011 

6,36025 

2,32555 

6,31735 

2.30561 

6,16591 

2,22947 

5,09480 

2,07990 

5,63592 

1,92961 

5,37839 

1,79199 

5,12236 

1,66526 

4,86939 

1,54502 

4,61855 

1,43096 

4.36678 

1,32361 

4,07011 

1.20263 

3,77245 

1,08890 

3,47572 

0,96129 

3.17976 

0,8768? 

2,88431 . 

0,76106 

2.58692 

0,68742 

2,29341 

0,59624 

1,99793 

0,50613 

1,70246 

0,41663 

l,«07l2 

0,32765 

1.11208 

0,23941 

0,8l7l6 

0,15212 

0.52225 

0,06612 

0,22724 

-0,01641 

0,0677« 

-0,10206 

0,36251 

-0,16531 

0,65709 

-0,26774 

0.95157 

-0,34073 

1.24600 

-0,42780 

1,54034 

-0,50454 

1,83448 

-0,57677 

2,12848 

-0,65013 

2,42260 

-0,71727 

2, 71719 

-0,77645 

3,01255 

-0.83151 

3.25934 

•0,86632 

3,42574 _ 

•0,68974 

3,47884 

-0,91753 

3.50000 

-0,96095 
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Table V. Vane*Frame (Fan Bypass OGV) Coordinates (Continued). 

Vane Type: Pylon Leading Edge 

Radius 53.0 cm (20.86 in.) 

Convex Concave 


X (Axial) Y X (Axial) Y 


2,3Vi5a 2»S9|54 

•6,48475 2,38081 •6,47146 2,39700 

•6,48161 2,36491 •6,4fS62S 2,39712 

•6,47179 2,34406 *6,43279 2,39l7S 

•6,46509 2,31649 *6,40420 2,38066 

•6,43144 2,28626 *6,36944 2,36404 

•6,40114 2,25305 *6,32806 2,34232 

•6,28510 2,12434 *6,17848 2,26374 

•6,06174 1,89620 . -5,90277 . 2.12120 

•5,82801 1,69436 *5,63744 1,98182 

•8,58938 . 1,50620 *5,37700 1,85097 

•5,35069 1,32592 *5,11662 1,73468 

■5,11131 1,15379 .4,85694 1.63146 

-4,86999 0,99135 *4,599?0 1,53737 

•4,62695 0,63784. *4, 34317 1,45194 

•4,33354 0,66380 -4,03770 1,36062 

-4,03838 0,49997 -3.73397 1,26070 

*3,74142 0,34566 -3, 43206 1,21133 

•3,44249 0,20051 .•3,l32ll . 1,15164 

-3,14194 0,06430 -2.63378 1,10152 

•2,84029 -0,06372 -2,53655 1,05974 

-2,5 3811 •0,18441 *2,23985 . .J.t.025_84 

•2,23601 *0,29875 *1,94507 0,99694 

-*1,.93375 *0,40770 _ *1,64646 . - 0,97830 

•1,63066 -0,51145 *1,35045 0,96310 

•1,32713 -0,60978 -1,05531 0,95241 

•1,02219 •0,70205 *0,76138 0,94519 

-•0»71617 - - *0,78789 *0,46851 0,94075 

•0,40945 -0,86865 *0,17635 0,94005 

-•0,10190. -0,94573 0,11497 0,94418 

0,20685 *1,01906 Q,405i0 0,95304 

-0,51627 _ *1,08627 0,69456 0,96621 

0,82574 -1,15361 0,98398 0,98345 

_1,13505 -1,21546 1,27354 1,00450 

1,44405 -1,27361 1,56343 1,02871 

_ 1,73876 - - *1,32623 2,14355 1« 08453 

2,03355 *1.37574 2.44720 1.11734 

3.50000 -1.64800 3.50000 1.20800 
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Table V. Vane-Frame (Fan Bypass OGV) Coordinates (Continued). 


Vane Type: Open 2 

Radius 53.0 cm (20.86 in.) 


Convex 


X (Axial) 

Y 

-6,48210 

?.34ii6 

-6,48759 

2.32791 

-6*. 48653 

2.30950 

-6; 47873 

2.20619 

-6,46391 

2.25«30 

-6‘, 44195 

2,22597 

-6i4i309 

2,18893 

-6J29837 

2.05743 

-6.06081 

1 .84013 

-5.82663 

1.65165 

-5;58259 

1.47/46 

•5,33663 

1.31730 

-5,08740 

1.17343 

-4, 63591 

1.044pB 

•4',583l7 

0,92682 

-4,27866 

0.80P69 

-3i97293 

0,68941 - 

— 3 . 66610 

0,59230 

-3;35833 

0,50871 

-3i04985 

0,43788 

-2;>4l05 

0,37917 

•2.43218 

0,31258 

•2il2344 

0,29797 

•1.81511 

0,27447 

•ll50737 

0,26103 

-1.20033 

0,25681 

-0.8939? 

0,26100 

•0.58804 

0,27293 

•0;Z827l 

0,29217 

0.02205 

0.3l9i5 

0i32598 

0,35420 

0.62892 

0,39664 

0.93104 

• 0,44568 

1.23245 

0,50099 

Ii533l5 

0,56243 

1,83305 

0,63035 

2.13206 

0.70496 

2‘.43o30 

0.78549 

2172800 

0,87086 

3.02565 

0,95941 

3,27398 

1.03479 

3 . 44400 

1,08/72 

3,49006 

1.12317 

3.50000 

1,49138 


Concave 


X (Axial) 

- 6 . 

•<'•47013 
• 6 * 45 i 8 q 
- 6,42726 
- 6,39669 
- 6 ; 36 oq 8 
« 6, 31705 
-6‘, 16673 
- 5,89719 
- 5,64026 
- 5, 38519 
- 5 ; 13205 
- 4 , 8821 ? 
- 4.63456 

-4;388l9 
- 4 ; 09378 
-3 , 80058 
-3,50849 
-3,21733 
-2.92688 
-?;63676 
-2.34670 
-2.05652 
-1.76592 
- 1;47473 
-1.18284 
-0;89q33 

..0,59728 

-0.30369 

-0.00952 

0.28547 

0.58146 

o;S7827 

1.17578 

1.47401 

1,77304 

2.07p95 

2.37364 

2;67486 

2.97614 

3;2269i 

3,3985{i 

3.45780 

3.50000 


Y 

2.34116 

2.34918 

2.35183 

2.34891 

2.34021 

2.32574 

2.30596 

2.23l9i 

2.08881 

1.94846 

1.82404 

1.71340 

1.6ll7i 

1.5i847 

li 45400 

1.34519 

1.26249 

l.{9083 

1,12737 

1.07194 

1.02425 

0.96319 

0.94770 

0.91756 

0.69269 

0.87302 

0 . 85854 

0.84962 

0.84652 

0.84873 

0.85578 

0.86776 

0 . 88487 

0.90731 

0.93516 

0.96799 

1.00552 

1.04842 

1.09772 

1.15510 

1.20994 

1.25063 

i. 24339 

1.19138 
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Table V. Vane-Frame (Fan Bypaas OOV) Coordinates (Continued). 

Vane Type; Nominal 
Radius 53,0 cm (20.66 in.) 


Convex 


X (Axial) 

Y 

•6,4»dl0 

2,34116 

•b, 46/59 

2,32/91 

•6«06654 

2,30949 

•6,47874 

2,28617 

•6,46394 

2,25825 

•6,44203 

2,22588 

•6,41324 

2,18874 

•6,29896 

2,05654 

•6,0/054 

1,83608 

•5,62980 

1,64205 

•5,56/53 

1,46015 

•5,34355 

1,29036 

-5,09631 

1,13518 

•4,84677 

0,99309 

•4,59597 

0,86190 

-4,29378 

0,71764 

-3,99047 

0.58679 

-3,66627 

0,46852 

•3.36139 

0,36194 

•3,07616 

0,26589 

•2,77064 

0,17937 

•2,46549 

0,10210 

•2,16009 

0,03377 

-J, 85478 

•0,02657 

"1,54964 

•0,07997 

•1,24470 

-0,12720 

-0,93983 

•0,16890 

-0,63494 

•0,20568 

-0,33012 

-0,23761 

-0,02535 

-0,26417 

0,27916 

•0,28484 

0,58316 

-0,30022 

0,88725 

•0,31091 

. I,l’t88 

•0,31606 

1,49640 

•0,31452 

1,80055 

•0,30547 

2,10352 

-0,28852 

2,40575 

•0,26057 

2,70721 

-0,23490 

3,00816 

-0,20101 

3,25869 

-0,17029 

3,42732 

•0,14778 

3,47856 

•0,12068 

3,50000 

•0,05474 


Concave 


X (Axial) 

Y 

6,48210 

2,34116 

6,47013 

2,34918 

6,45181 

2,35102 

6,42729 

2,34808 

6,39675 

2,14014 

6,36020 

2,32561 

6,31726 

2,30572 

6,16614 

2,23016 

5,89545 

2.00244 

5,63708 

1,93496 

5,38025 

1,60119 

5,12513 

1,67933 

4,87326 

1.56502 

4,62370 

1,45601 

4,37539 

1,35662 

4,07866 . 

1,24915 

3.78304 

1,14834 

3,48832 

1,05511 

3.19426 

0,96636 

2,90057 

0.86755 

2,60697 

0,81205 

2,31339 

0,74054 

2,01986 

0,67162 

1.72625 

0,60556 

1,43246 

0,54168 

1,13847 

0,46014 

0,84442 

0,42105 

0,55038 

0,36497 

0,25628 

0,31230 

0.03788 

0,26266 

0,35230 

0,21567 

0.62722 

0,17134 

0,92205 

0,13018 

1,21636 

0,09358 

1,51076 

0,06272 

1.80573 

0,03755 

2,10149 

0,01793 

2.39619 

0,00441 

2,69565 

-0,00204 

2.99363 

0,00047 

3.24220 

0,01049 

3,40980 

0,02082 

3.46729 

0,00351 

3.50000 

-0,05474 
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Table V. Vane-Frame (Pan Bypaaa OOV) Coordinates (Continued). 


Vane Type: Nominal 

Radius 69.8 cm (27.48 In.) 


Convex 


Concave 


X (Axial) 

-S,S920« 
•^,•>8686 
•5,b/767 
•b|S5820 
•*!>,$3036 

•5,81795 
•-5,25928. 
•8,99078 
J*.9a7Tfti7. 
•8,58950 
_5A.iil515_ 
•8,09911 
•3,87 168 

J9leJ925S 

•3,32237 

_-3, 08629.. 

•2,76983 

•2a-89l96. 

•2,21803 

•1,93557 

•1,65657 
-?lal77lfl 

•1,09766 

--•6,81020 

•0,53899 

•0,28019 

0,01826 
_-.0,29653_ . 

0,57858 

„-0.05232 

1,12961 

_.U80838. 

1,68247 

_U9.5T97 

2,23282 
_ 1*50103.— . 
2,78065 

_1*05389 

3,28186 

3.82738 

3,87882 
_9,50000 


U85159. 
1,83581 
1.81511- 
1,78979 
1,78017 
1,72682 
.1,88825. 
1,61818 
1,88123 
1,26915 
. 1,18828 
1,00677 
-0*11581. 
0,76188 
0,65193 
-6,52960- 


X (Axial) 

. •5,58738-.. 

•5,57882 
•5,5S859-„ 

•5,52679 
• 5,89156 _ 

•5,88892 

..•b,3985.8_ 

•5,30236 
-•5,05671. 

•8.82088 1,59775 

-•.8.58838 U6«t6l- 

1,80820 

, ■■■ ialiflOt.. 


.-U8U59- 

1,86239 

-1*88801. 

1,86834 
.1,88101. 
1 ,88215 


1,80216 

J*70106 


•8,35338 


0,81733 

-0*11871 

0,22135 

_ 0.13685 

0,05988 
•0,00932- — 
•0,06966 
-.•0*1219.«_._ 
•0,16670 
.•0,20080- 
•0.23556 

-90-,2608f 

•0,28092 

-•0,29S22- 

•0,39326 

•0,30529..... 

-0,30178 

-•0,29289 

•0,27890 

-.•0,25988.- 

•0,23833 

•0*20833. 

•0,17056 

-• 6 * a87l 

•0,10822 

• 6 * 6 «S 88 _.. 


•3,89500 

•S,66S00 


1,83567 

1,15607 

1,066 57 


•3,12689 0,96287 

-• 2*85171 0 * 90612 - 

•2,58935 8,82965 

-• 2*32156 0 * 75133 - 

•2,05828 0,69308 

•1,78769 0*62999.. 

•1,52125 0,56981 

. *1*25560 -0*51166- 

•0.96966 0,85663 

•0 ,72390 0*60517- 

•0,85787 8,35607 

• 0 * 19181 . 0 * 11126 - 

0,07536 0,27132 

- 0,18236 6 * 23362 - 

0.60952 0,19920 

-0*67702 0*16612. 

1.18897 0,18069 

.1*81389. — 0*UT68l. 

1*60260 0*09901 

-1*95236 0*06196. 

2,22272 0,07231 

^*89376. 0*06613. 

0,06229 


•0,05633 

._0*00981 


2,76537 

s*'om6. 

5.26816 

.3.809JI 

3,86701 


0,07653 

-OaOfSlO. 

0,06608 


3;50Q0 0 0*88981 
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Table V, Vane^Frame (Pan Bypass OGV) Coordinates (Concluded), 

Vane Type: Nominal 

Radius 90,1 cm (35,5 in.) 


Convex 


X (Axial) 

Y 

•a ,<iV4Ao 

1 ,64S19 

-a,*»oiai 

1,62777 


1.60421 

J 

l.57aa« 

• U,<i6964 

1.5«0,12 


1,50020 


1,45«90 

40001 

1 ,4C641 


1,23208 

•J, 98/30 

l,0«O«3 

•3,/9oia 

0,93890 


0,80fc98 

•3,000Ab 

0,686/5 

-3,20110 

0,5/686 

*3,00038 

0,4/518 

-2,7b««5 

0.36283 

-2,blbi»3 

0.26034 

-2,2/153 

0,16734 

-2,02032 

0.08355 

-1,78065 

0.00833 

•1,53<I53 

-0,05889 

-1,28/90 

-0,11/80 

•1,04090 

•0, J08 43 

-0,/9365 

-0,210/S 

-0,54028 

-0.24S/9 

-0,29«oa 

-0,27478 

*0,05184 

-0,29518 

0,1»482 

-0.31062 

0.44100 

-0.32059 

O,0«073 

-0,3247/ 

7,93213 

•0,322/6 

1,17/21 

•0,314/9 

1,421/3 

-0,30128 

1,0054/ 

•0,2«2.49 

1,90844 

-0,25804 

2,15059 

•0,229/6 

2.39198 

-0,19569 

2,03272 

-0,15/16 

2,87313 

-0,11508 

3,11356 

-0,0/029 

3,31347 

-0,03164 

3,43200 

-0,00838 

.1,48205 

0,02185 

3,50000 

0,08854 


Concave 


X (Axial) 

Y 

4.49480 

1,04519 

4.48003 

1.6S611 

4,45 704 

1,66064 

4,42003 

1.65851 

4.38719 

1,64946 

4,34056 

1,63344 

4,285/4 

1,61098 

4,22984 

1,58666 

4,0114/ 

1,48459 

3,8030/ 

1,36218 

3,59652 

1,26694 

4.39201 

1,20396 

4.19030 

1,12394 

2,99032 

1,04640 

2,79129 

0,97765 

2,55353 

0,69660 

2. 41680 

0,82511 

2,08128 

0,75646 

.84660 

0,69213 

1,61258 

0.63195 

1,37902 

0,57580 

1.14590 

0,52287 

0.91323 

0,47240 

0.68083 

0,42448 

0.44852 

0.37939 

0,2161 / 

0,33741 

0,01042 

0.29679 

0 ,2494b 

0,26369 

0,48290 

0,23269 

0.71691 

0,20524 

0.95120 

0,16045 

1,18580 

0.15901 

1,42098 

0,14150 

1.65692 

0,12612 

1.89464 

0,11660 

2.13118 

0,11295 

2, 469/i7 

0,11011 

2,60842 

0,11097 

,2,84/70 

0,11677 

4.08696 

0. 13000 

3,2«679 

0,14794 

3,40618 

0,16054 

3,46416 

0,14564 

4.S0C00 

0,06654 
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SECTION 2.0 


PAN MECHANICAL DESIGN 


2.1 UTW FAN ROTOR SUMMARY 


The UTW fan rotor has 18 composite blades mounted on a disk in a manner 
permitting changes in the pitch of the blades. This rotor is shown in Figure 
27, The blades will be fabricated from a hybrid combination of Kevlar 49, 
graphite, boron, and S-Glass fibers in order to provide the desired combination 
of bird impact resistance and blade stiffness. The blades incorporate a metal 
foil leading edge to provide additional FOD and erosion protection. The 
solidity of the blades lb slightly less than unity along the entire blade span 
to allow the blades to clear during actuation to reverse pitch through flat 
pitch. There are no mechanical restrictions on being able t « reverse pitch the 
blades through either flat pitch or stall. 

In a concept similar to that used on the CF6-50 fan, balance weights are 
accessible in the fan spinner, and field balance of the fan is possible without 
removing the spinner. Ease of maintenance has also been considered in the 
design of the other rotor components. 

After removal of the spinner, the blades can be individually removed and 
replaced without disassembly of the blade trunnion. Access holes in the flange 
of the aft rotating flowpath permit removal of the fan rotor, blade actuator, 
and the reduction gear as a complete subassembly. 

The centrifugal force of each blade and trunnion is carried by a single- 
row ball thrust bearing. This bearing has a full complement of balls to reduce 
the per-ball loadings. The race has a much higher conformance than is standard 
for chrust bearings because of its highly loaded, intermittently actuated 
environment. The bearing is grease lubricated, with a cup shield completely 
covering the upper race and most of the lower race, thus preventing the grease 
from leaking out under high radial "g” loads. This concept was successfully 
demonstrated on General Electric's reverse pitch fan. Grease tests have been 
completed that identified a grease for the QCSEE bearing which will not permit 
separation of the oil from the thickening base or extreme pressure additives 
after extended running in a centrifugal field higher than those planned for the 
UTW fan rotor. Fail-safe lubrication is accomplished by a tungsten disulfide 
coating applied to the balls and races. With this coating and under the loading 
planned, this bearing is capable of operating 9000 engine hours after loss of 
lubricant with only a slight increase in coefficient of friction and negligible 
wear. 

Secondary and vibratory loads from the trunnion are resisted by dry thrust 
and journal bearings located in the OD of the fan disk. 
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2.2 COMPOSITE FAN BLADES 


2.2.1 Design Considerations 

Aerodynamic design of the UTW fan blade Is presented in Section 2.0. 
Mechanical design considerations for the UTW fan blade were primarily a result 
of the requirement for variable- pitch operation through both the stall and 
flat pitch direction. The need for a composite blade was established early 
in the preliminary design phase for the following reasons. 

• A practical metallic blade meeting aeromechanical requirements 
would require solidities of greater than 1.0 in the root which 
would restrict the variable-pitch operation of the blade to reverse 
pitch in only one direction. 

• Even with a higher root solidity the metallic blade design and 
resulting disk and actuation system were extremely heavy and would 
have resulted in low reliability, high bearing loads, and high 
actuation loads. 

Preliminary design of the composite blade was based primarily on the aero- 
mechanical and bird impact requirements. Consideration was given to several 
hybrid materials and layup configurations which would provide the required 
blade stiffness and still main vain the capability to absorb the impact of a 
1.8 kg (4 lb) bird without root failure. To reinforce the impact capability 
of the hybrid blade several dovetail designs were evaluated aimed at providing 
more root flexibility during impact. 

2*2.2 Mechanical Design Requirements 

The design requirements for the UTW composite fan blade were established 
to provide realistic long-life operation of a flight engine based on the 
typical mission shown in Table VI. These preliminary design requirements are 
listed as follows. 

• Design Mechanical Speeds 

- 100% mechanical design - 3244 rpm 

- 100% SLS hot day takeoff - 3143 rpm 

- Maximum steady-state speed - 3326 rpm 

- Maximum design overspeed - 3614 rpm 

- Maximum burst speed - 141% of max. steady-state speed (4700 rpm) 

• Design Life and Cycles 

36,000 hours 

- 48,000 cycles 

- 1000 ground checkout cycles, full power 
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Table VI. Flight Duty Cvcle. 


Altitude 



km 

ft 


% Power 


X Tin 

Start 

0 

0 

0 

- 

0.5 

1.11 

Idle>Taxi 

0 

0 

0 

4-20 

3.1 

6.89 

Takeoff 

0 

0 

0-12 

100 

1.22 

2.71 

Cliaib 

0-7.02 

0-23K 

0.3-0. 5 

Max. Cont 

10.0 

22.22 

Cruise 

6.41-7.63 

21-25K 

0.65-0.74 

Max. Cr 

14.0 

31.11 

Descent 

7.02-0.3048 

23-lK 

0.7-0. 4 

F.I. 

10.0 

1 

22.22 

^proach 

0.3048-0 

lK-0 

0.12 

65 

3.0 

6.67 

Reverse Thriist 

0 

0 

0.12-0 

Max. Rev 

0.08 

0.18 

Idle-Taxl 

0 

0 

0 

4-20 

3.1 

45.0 

6.89 

100 












Mechanical Requirements 


- Bladea mat operate through flat pitch and stall pitch without 
aeroBechtfiical problem. 

- Blades shall be individually replaceable without major teardown. 

- Blade untwist will be factoMd Into airfoil configuration. 

- Stresses shall be tilthln Goodman Diagram with sufficient vibratory 
margin. 

- First flex frequency shall cross 2/rev in low speed range and have 
15Z margin o^r 1/rev at 115% speed. 

- Bli^e leading edge protection will be kept within aero airfoil 
Halts. 

Of these requlmsnts» the first two are of prime importance. Successful 
operation of the e3q>erimental engine hinges to a great degree on having a 
rtt^ed blade which can withstand reverse pitch operation and other Inlet dis> 
turbances Including crosswind testing. 


2.2.3 iterodynamic Blade Parameters 

A s ummary of the aero blade parameters is presented in Tab'.e VII. Hie 
low root solidity of 0.98 is required for reverse pitch operate’ on. Except for 
the large tip chord (high blade flare) the blade length, thickness, and twist 
diaensimis are similar to previous composite blades which have undergone 
extensive development and proof testing. 


2.2.4 Blade C<mflguratlon 

The blade molded configuration consists of a solid composite airfoil and 
a straight bell-sh^ed cosposlte dovetail. The dovetail is undercut at the 
leading edge and trailing edge to reduce local stresses and to permit better 
transitioning of the ccunbered airfoil section into the straight dovetail. 

The airfoil definition is described by 15 radially spaced airfoil cross 
sections which are stacked on a common axis. The dovetail axial centerline 
is offset from the stacking axis by 0.254 cm (0.1 in.) to provide a smooth 
alrfoll-to-dovetall transition. The molded blade drawing, as shown in Figure 
28 provides a reduced leading edge thickness to allow a final coating of wire 
sash/nlckel plate for leading edge protection. The blade leading edge protec- 
tion is shown on the finished blade drawing (see Figure 29). 


2.2.5 Blade Layup /Material Selection 

The material selection and ply arrangement for the UTW hybrid composite 
blade is based on previous development efforts conducted by General Electric 
and sponsored by NASA under contract NAS 3-16777. This work led to the 
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Figure 28. UTW Composite Fan Blade (Stage 1 








Table VII. QCSBfi UTW Cumposiiti Blmlo t’rellnlnory 
Desi^ Suwury. 


Aero Definition 
Tip SpMd 
Tip DlMMter 
Badiue Ratio 
Mwiber of Bladea 
Bypass Pressure Ratio 
Aspect Ratio 
Tip Chord 
Root Chord 
Tn Root 
T|| Tip 
Root Caaber 
Total Twist 


208 K/sec (978 ft/sec) 

180 ca (71 in.) 

0.452 


18 


1.27 Takeoff 

2.11 


30.3 ca 

(11.91 in.) 

14.8 ca 

(5.82 in.) 

1.92 cm 

(0.76 in.) 

0.91 cm 

(0.36 in.) 

66.2* 


4f,* 


0.95 


0.98 



Solidity 

Tip 

Root 


Angle Change from Forward to Reverse 
Throu^ Flat Pitch 85* 

Through Stall 90* 


Mltetion of • ceobinoeioii of fibort in o otoglo blado to provide tho proper 
fre^ooBcy ree p o oee end Mid la^t ^recterietiee to eetlefj ehort^ieitl 
eagliie eonditione. Fifim 30 eboira Ae general arrengMent of the pllea to 
toe QCm UIV ooivoBiee bl^. fhe flex root aorfece pllea to the lover regton 
of tto blade eootato S^aaa fibers, nieae piles being near the swface end 
havtog reletlvelp tow biding stiffness nd high tensile strength provide 
hl^ior streln-to-fallure diaraeterlstles tMreby allowing the blade to absorb 
la^ bird topact loading wltl^t the classic root falltnre that usually 
accoapaales brittto Mnposlte naterlals. Torsional stlffentog piles In the 
airfoil zeglott of the blade mem oriented at ^5* to provide tto shear aodulus 
roared tor a first torsiim freqiMBcy. Ttese plies will contain fibers 
of grvhlte tni/ot boron dspei^ing on tlM aeasinred frequMcy ehaimterlotles 
sitf expertosntal in> reolstnce to be ebtalMd to the several preltotoary 
Uades. Files of Kevlar 49 will be Interspersed throt^iout the rest of the 
blade with toe aajority of then being to the IragltMlnal direction of the 
blade. Several of the Kevlar plies to the tip region of the blade will be 
orleaced 90* to the longitudinal aada to provide chordwlse strength and 
stiffness to toe blade for local topact Inprovwent. 

The resto systen being toed In this prograa is a product of the 
Cowpmy and to designated as ni2S8. This Is a tosln systen that has proven 
satisfaotory for toe needs of advtoced CM^slte blading. Sons of Its imlque 
toaracteristlcs to too prepreg fora ate: 

o Has oonslstmt processing toaracteristlcs 

o Can be prepre^d with any differmt fibers Including hybrids 

o OMfora prepreg thickness md resto ^itent. 

Typical ^^rtles of tto PR288/AU prepreg are shown to Table VIII. 
Material properties for several fiber coai^slte prepregs are shown to Table 
IK. The basic ply lsyiq> arraagMMnt and fiber orientation for the QCSEE pee- 
Itotoary blate to toown to Figure 31. The graphite/Kevlar systen Is preferred 
froB the stmdpotot of bird Inpact and cost: however* It nay be necessary to 
we sene boron plies to achieve the ds'^ired first torsion frequency. 


2.2.6 Bli^ Vibration Analysis 

Blade "tostabillty** or **llMt cycle vibration** c«i be e prbblen on fans. 

It to characterised by a hito n^lltude vibration in a stogie node (nornally 
too first fl«niral or torslMial node) at a nonintegral per-rev frequmey. It 
is not one of the classical airfoil flutter cases sad Is apparently confined 
to cescades. Because of the n<mllaaarlty to the earodjmanlcs involved* It has 
resisted practical solutitms by solely tlMoretlcal neans. Accordingly* General 
Electric bee adtoted a senlenplrlcal *'toduced veleclty** approach for Halt 
cycle avoldsnce. Keduced velocity* Vg* gltos a neasura of a blade's stability 
sgatost self excited vibration. This paranetar Is defined as 




Tkble VIII. PR288/MI Prcpr«e Properties. 


Property 

Supplier 

Freeess 

Cure Schedule 

Poeteure Schedule 

Pies. Strei^th/Eleet. Med. /Short 

looB Te^ 

121* C(250* P) 

Cherpx taped 
Plher VoluM» X 
Sp. Gr.( g/cc 
Void Coateat, X 
Coet per kg (lb) 


nm/m 

3M 

Pile • Coat. Tape 

2.5 hse at 129* C (265* P) 

4 hre at l?3* C (275* P) 

Beea Sheer 

193/11.9/8.0 kH/ca* (280/17. 2/ 

11.6 kKi) 

138 /11.6/S. 2 kM/ca^ (200/16. 8/ 

7.5 kei) 

21.2 J (15.0 ft-lb) 

59.8 
1.58 
0.0 

S232 ($105) 


Table IX. Composite Material Properties. 
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where: 

b ■ 1/2 chord at 5/6 span-m 

W • average air velocity relative to the blade over the outer third of 
the span-m/ sec 

ft " first torsional frequency at design rpm-rad/sec. 

The basic criterion used for setting the design of the UTH composite blade was 
the requirement of having a reduced velocity parameter In the range of 1.3 to 
1.4. This allowable range Is based on previous testing of a variety of fan 
configurations In combination with the specific aerodynamic design of the UTW 
blade. Figure 32 shows the results of a 20- and 18-blade analysis for several 
fiber material candidates. The 18-blade design using the 50Z graphlte/50T 
Kevlar material was selected as providing the desired aeromechanlcal require- 
ments and bird Impact characteristics. The operating and stall characteristics 
c£ this blade are presented In Figure 33 In terms of reduced velocity versus 
Incidence angle. This shows an acceptable blade design as compared with the 
anticipated QCSEE blade stability limit. 

The Campbell diagram for the UTW blade Is shown in Figure 34. The 
expected range of first flexural frequencies In the 2/rev crossover Is shown 
to be between 54 and 67 speed. The margin over 1/rev at 100% speed Is 
approximately 60%. 


2.2.7 Airfoil Stress Analysis 

A preliminary stress analysis of the UTW composite fan blade was performed 
using a homogeneous twisted blade computer program. This program is limited 
to accepting only effective longitudinal properties of the composite blade. 

It has been tised successfully for preliminary design work in the past and 
offers an approximate state of stress for steady-state operating conditions. 
Correlation with detailed finite element analysis shows It to be a reaonable 
preliminary design tool. The resultant radial stresses for the steady-state 
operating condition Including gas loads are shown In Figure 35. This shows 
the maximum stresses to be In the root leading edge and trailing edge areas 
having values of 1.38 and 1.66 kN/cm^ (20 and 24 ksl), respectively. The 
average centrifugal stress at the root Is 0.551 kN/cm^ (8 ksl). The estimated 
room temperature stress range (Goodman diagram) for the radial direction of the 
proposed hybrid composite blade Is shown In Figure 36. For the UTW composite 
blades, the anticipated maximum vibratory stress Is 1.38 kN/cm^ (20 ksl) single 
amplitude. For the steady-state condition shown, that of a hot day takeoff 
and maximum cruise, the combination of steady-state mean stress and expected 
maximum vibratory stress results in an acceptable blade life. 

In addition to the airfoil stresses, the displacement and twist charac- 
teristics of the blade are presented In Figure 37. The maximum untwist Is 
2* without leading edge protection. 
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Figure 35. UTV/ Composite Fan Blade Resultant Radial Stress - 3157 rpm 





Stress, ksi 



Life (Goodman Diap^ram) for imv Composite Fan Blade at Ambient 
ature . 










The eteedy-etate airfoil loads resulting from the twisted blade analysis 

ara: 

a lOOZ rpm centrifugal force: 118,000 N (26,500 lb) 

e maximum centrifugal force: 155,000 N (35,000 lb) 

• Mtang " 50,900 cm-N (4500 in-lb), Maxial " 61,000 cm-N (5400 in-lb) 

Mtwist “ 7900 cm-N (700 in-lb) 

> More detailed stress analysis using three-dimensional finite element tech- 
niques are planned during the final design phase. 


2.2.8 Dovetail Design 

The dovetail design for the UTW composite blade consists of a straight 
bell-shaped dovetail with an 8.9 cm (3.5 in.) radius. The bell-shaped dovetail 
design reflects many years of development efforts to achieve an efficient 
dovetail configuration having both high static pull strength and good fatigue 
strength. The dovetail crush normal and shear stresses were calculated and 
are shown on their respective stress range diagrams in Figures 38 and 39. The 
combination of mean stress and vibratory stress indicate there is considerable 
margin for infinite life under steady-state operating conditions. 


2.3 FAN DISK 


The fan disk is a slngle-piece-machlned 6A1-4V titanium ring forging 
designed for a commercial life in excess of 36,000 hours. This disk is shown 
in Figure 40. Eighteen holes pierce the disk ring to provide for the blade 
support trunnion while retaining the blades. The excess disk material between 
the holes is removed where possible to r&duce the dead disk weight and lower 
the stress concentration around these holes. An integral cone on the aft side 
of the disk connects the disk to the main bearing shaft through a bolted flange. 
The disk cone is contoured to alleviate LCF problems generated by the forward 
and aft cycles of thrust generated during engine operation. Flanges on the 
outside of the disk rim provide attachment planes for the spinner and aft 
flov^ath adapter. 

The Inside of the disk rim is a turned modified spherical blade bearing 
seating surface for the blade retention bearing (Figure 41) . This results in 
a low-cost, lightweight disk design with a uniformly stressed rim. The blade 
thrust bearings have mating spherical seats and are mounted as sho'm in Figure 
41. The bearing seating surface is not machined perfectly spherical but Is 
designed to become spherical under operating loads. An antifretting coating 
will be applied between the disk and the bearing, although at the pressure 
loadings expected beneath the bearing, fretting is not expected to be a 
problem. 

The UTW fan disk design data are shown in Table X. 
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lable X. 


UTO Fan Disk Design Data. 


Total Blade and Blade Attachment 
Load at 100% Mechanical Design Speed 
(3,244 rpm) 


Total Live Rim Load at 100% Speed 


Average Disk Rim Stress at Max. 
Duty Cycle Speed (3,326 rpm) 


Max. Disk Stress at Peak Location 
at Max. Duty Cycle Speed 


Overspeed Capability 


LCF Life with 3a Material 
Properties 


LCF Life with 0,025 x 0.076 cm 
(001 in. X 0.03 in.) Initial 
Detect 


270,000 N/blade 
(60,777 Ib/blade) 


5,043,691 N 
(1,133,867 lb) 

38.7 X 10^ N/ra^ 
(56,085 psi) 

42.1 X N/m^ 
(61,078 psi) 


4,865 rpm 


> 48,000 Cycles 


> 16,000 Cycles 


2.4 BLADE SUPPORT BEARING 


The blade support bearing has a full complement of balls to reduce the 
per-ball loading. Bearing race conformance Is a relatively high 51% to 
extend the bearing fatigue life In Its highly loaded environment. All surfaces 
on this bearing fflll be coated with a tungsten disulfide film. Tests on 
previous General Electric variable-pitch fan bearings have shown this coating 
provides enough lubrication to enable the bearing to safely operate for 9000 
flight hours in the event of a loss-of-grease situation. 

The QCSEE support bearing is shown In Figure 42. Shields attached to the 
outer race create a centrifugal "cup" which prevents the grease from leaking 
out In the high centrifugal field when the engine is running. Grease will 
not leak from the clearance gaps at the bottom of the shields when the engine 
is not operating due to the high viscosity of the grease, provided oil separa- 
tion from the grease soaping agent does not occur. General Electric has con- 
ducted centrifuge tests on various greases and has Identified one which has 
little tendency to separate even under prolonged periods of higher "g" loads 
than planned for the QCSEE bearing. The bearing test rig Is shown in 
Figure 43. 

Design criteria peculiar to variable-pitch blade support bearings had to 
be developed and applied to the design of this bearing. The unique design 
criteria used In designing the QCSEE UTW bearing are as follows: 

1. The blade support bearing system BIO life should be 9000 flight 
hours. This requires an Individual bearing BIO life of over 18 
times the system BIO life. The need for this stringent requirement 
Is based on the statistical problem of a multibearing system in a 
multlenglne aircraft. 

2. Blade bearings will not be dependent upon the grease lubricant to 
obtain 9000 hours between overhauls. This restriction ensures that 
failure will not occur due to loss of bearing grease. In addition 
to normal bearing design criteria, the following requirements must 
also be met, or by definition, failure is said to occur: 

a. An apparent coefficient of friction at the pitch diameter less 
than 0.01. This allows the blade actuator to be designed to a 
maximum capacity with assurance that It will not be overloaded 
because of worn bearings. 

b. Bearing wear less than the bearing preload (approximately 0.00508 
cm (0.002 Inch) total wear]. This definition provides a simple 
method for condition monitoring without rotor disassembly. 

3. Ball or race fracture must not occur under the maximum possible bird 
Impact loads. The actuation system of an 18-bladed fan is suffi- 
ciently powerful to cause secondary damage upon seizure of any one of 
the Individual bearings. Ball fracture, a potential cause of such 
seizure, must be eliminated as a potential problem. 
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• Single Row Ball Thrust Bearing 

• Full Complement of Balls (12) 

• High Conformance (51%) 

• Separiible Races 

• Lubricant Seals 


Figure 42. UTW Fan Blade Thrust Bearing. 
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4. BMrlng life calculatlont arc baaed on the mlaalon/duty cycle as 
shoim in Figure 44 « 

The top bearing race la a spherical surface «dilch is designed In conjunc- 
tion with the disk bearing seat to minimise transmission of warping stress 
to the race under operating conditions. This spherical mating surface will be 
coated with an antifretting coating to ensure that loss of LCF life of the 
fan disk will not occur* Bearing loads and life predictions are given In 
Table XI. 


2.5 BLADE KETEHTION TROMHION 


The blade retention trunnions mechanically tie the composite blades to 
t^e fan disk through the blade support bearing. They also provide an attach- 
amt point through ^Ich torque might be applied by the blade actuator to 
change the pitch of the blades. 


Table XI. 

Bearing 

Load and Life Summary. 




Average Bearing Load on Balls 

at 100% 





Mechanical Design Speed (3244 

rpm) 

262*392 

N 

(58*988 

lb) 

Bearing Static Load Capacity 


297*812 

N 

(66*951 

lb) 

Bearing Elastic Deflection at 

3244 rpm 

0.0124 ( 

cm 

(0.0049 

in.) 

Individual Bearing BIO Life 


128*190 

Flight Hours 


The entire blade support system is designed to withstand the maximum 
possible loads \dilch can be transmitted Into it by the blades without blade 
failure. This Includes not only the trunnion but all of its mating components. 
This ensures that In the event of extensive foreign object damage only the 
small composite blade pieces will be broken off and secondary engine damage 
will be minimized* 

The fan blades slide into the dovetail slots on top of the trunnion and 
are retained by shouldered strips. A relatively new material* HP159* Is being 
considered for the strips because of Its natural corrosion resistance and very 
high strength. 

Restraint of the blade about the dovetail axis Is provided by ester-based 
urethane rubber bumpers under the blade mount. This material has exceptional 
load absorption capabilities and Is not affected by commonly used jet engine 
oils* fuels* or solvents. 

The dovetail slot will be protected by an antifretting coating applied to 
the blade dovetails. Tests will be conducted to determine the best antifret- 
ting system. Two plasma sprayed coatings* one plated coating* and a chemical 
conversion coating are presetnly being considered for this wear coating. 
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Th« trunnion will be nachined from single forgings of 6A1-4V titanium. 

This material was selected based on its natural corrosion resistance, low 
density, and high strength. This material also allows relatively large 
diameter threads to ba rolled out on the trunnion end (per Mil-S-8879) for 
retention purposes by more conventional capacity thread rolling equipment. 

This rolling procedure has been used on the titanium trunnions of previous 
General Electric variable-i>ltch fans and produces above average properties in 
this critical region. 

Each trunnion is held in the hole of the disk by a threaded steel retainer, 
^ils retainer can be torqued to preload the blade support bearing, and is 
locked by a redundant locking system. Either a pinion gear for the GE actua- 
tion system or a lever arm for the Hamilton Standard System is captured on the 
trunnion bet%reen the retainer and the blade support bearing (see Figures 45 
(GE) and 46 (H.S.)]. Torque to change the blade pitch is carried through this 
device into mating splines Just sbove the tnmnion threads. 

Outer sliding bearings support the top of the trunnion. The axial thrust 
washer is made of ccnonercially available refractory matrix material containing 
molybdenum disulfide. Wear and load carrying characteristics of this material 
are excellent, and no measurable creep is expected under preload. This bearing 
serves as a weathar seal under static conditions, but runs 0.0076 cm (0.003 
in.) loose under normal engine speeds due to the elastic properties of the 
blade support bearing. The outer sleeve sliding bearing is a very high 
capacity bearing of Nomex and Teflon fibers. This bearing seats inside the 
disk and can easily tolerate the circumferential strain of the disk. The 
high capacity of this bearing, compared to conventional ball bearings, enables 
it to easily withstand anticipated vibratory and bird impact loads. Both 
outer bearings have resistance to all oils, fuels, and solvents which might 
normally coma in contact with engine parts. 


2.6 PAM SPINWER 


The UTW fan has both a rotating forward spinner and flowpath adapter as 
shown in Figure 27. These parts attach to flanges on the fan disk. Both are 
scalloped where they meet to provide round holes for the blade platforms. 
Together they provide the inner flowpath for the fan. spinners will be 

fabricated from 6061 Aluminum. This material has good section stiffness-to- 
weight and has the good welded properties needed for fabricating development 
hardware. 

The forward spinner will also have a spinner cap for inspection and access 
to the interior of the fan assembly. After removal of the fan spinner, all of 
the rotating hardware and sump regions forward of the fan frame are easily 
accessible. Blades may be individually replaced and the blade actuator or the 
actuator and disk asseinbly may be removed as a package. This permits removal 
of the fan disk assembly, blade actuator, and main reduction gear as a com- 
plete BKMlule. 
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Composite Blade 






Radi«l fm bAlanet screw bosses will be provided In the spinner. This 
will perait field bslsnce of the engine without renovsl of the spinner. The 
concept has been developed and used successfully on General Electric's CF6-S0 
engine. 

The eft flowpsth adapter continues the Inner flowpsth back to the fan core 
OGV's. A flow discourager seel inhibits sir recirculation at this point. There 
are access holes in the flange of the aft spinner which^ %rlth the forward 
spinner renoved, permit access to the fan frame flange which retains the main 
reduction ^r. 
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